I. Introduction
===============

Mandibular setback surgery is usually performed for aesthetic and functional improvement in patients with skeletal class III malocclusion. Recent studies have reported that mandibular setback is accompanied by changes in the hard and soft tissues in the stomatognathic system and that these changes are related to postoperative stability and recurrence as well as the occurrence of obstructive sleep apnea. As interest in obstructive sleep apnea has recently increased, studies on changes in stomatognathic tissues after orthognathic surgery have become more frequent. In particular, various studies regarding postoperative changes of the tongue and hyoid bone position and the accompanying changes in the airway space have been examined. While several studies have reported no significant changes in the pharyngeal airway space after mandibular setback procedures[@B1][@B2][@B3][@B4], other studies reported that, after mandibular setback, a significant decrease in pharyngeal airway space occurred leading to obstructive sleep apnea[@B5][@B6][@B7][@B8]. In addition, previous research on the correlation between the amount of mandibular setback and the amount of change in the pharyngeal airway space showed inconsistent results, failing to draw a clear conclusion. Therefore, an accurate assessment is needed to determine which changes occur in the posterior airway space (PAS), particularly regarding the hyoid bone after mandibular setback surgery, and further studies regarding the correlations that the parameters have with the amount of mandibular setback are required.

In this study, changes in the hyoid bone position and the amount of airway space in the nasopharynx, oropharynx, and hypopharynx were evaluated after mandibular setback using bilateral sagittal split ramus osteotomy (BSSRO) in patients with skeletal class III malocclusion. Long-term compliance was also evaluated. An analysis of the correlation between the amount of mandibular setback and the amount of change in the airway space and hyoid bone was also performed.

II. Materials and Methods
=========================

From January 2010 to February 2013, 30 patients who were diagnosed with skeletal class III malocclusion who underwent the same BSSRO and fixation method by the same operator in the Division of Oral and Maxillofacial Surgery, Department of Dentistry at the Ajou University School of Medicine (Suwon, Korea) and received over 6 months of follow-ups were selected for this study. Patients who underwent other surgeries, including maxillary surgery, genioplasty, and segmental osteotomy that could affect changes in the pharyngeal airway space were excluded. The patients were between 18 and 40 years of age, with an average age of 24 years old, and there were 12 men and 18 women. The study was conducted in accordance with the regulations and guidelines of the Ajou University School of Medicine\'s Institutional Review Board (AJIRB-MED-MDB-13-236). The amount of mandibular setback was determined by the average of the left and right sides; this average was 8.4 mm.

Patients had preoperative, immediate postoperative, and 6 months postoperative (at least 6 months from the surgery) lateral cephalograms. The head was in the natural head position (NHP) at the time of cephalogram. Patients were asked to tilt their head forward and backward to induce the NHP. When they felt comfortable, they were instructed to maintain that posture and to stare at their eyes in the mirror, after which NHP was finally determined. In order to maintain an unchanged head position and to provide bilateral support, ear rods were not placed next to the external acoustic meatus but just touched the bilateral ears. Additionally, for anteroposterior support, the nasion positioner was in slight contact with the soft tissue nasion. After positioning the head, lateral cephalograms were obtained.

After taking preoperative, immediate postoperative, and 6 months postoperative lateral cephalograms, the airway space and hyoid position of the nasopharynx, oropharynx, and hypopharynx were measured by selecting specific measuring points described below; they were compared and analyzed during this time period. The preoperative, immediate postoperative, and 6 months postoperative measurements were named T1, T2, and T3, respectively, and the reference lines used in this study were the Frankfort horizontal (FH) plane and the Sella vertical (SV) plane, which is a vertical line from the Sella (S) to the FH and mandibular (Mn) plane. The measuring points used were S, the most inferior point of the soft palate (P), hyoid bone (H), third cervical vertebra (C3), anterior nasal spine (ANS), posterior nasal spine (PNS), and pogonion (Pog).([Fig. 1](#F1){ref-type="fig"})

Seven items were measured in this study. First, the airway space measurement was classified into three areas: the nasopharynx, oropharynx, and hypopharynx.([Fig. 2](#F2){ref-type="fig"}) The hyoid bone position was evaluated in three ways: using the horizontal position, vertical position, and the distance to the mandibular inferior border.([Fig. 3](#F3){ref-type="fig"}) The vertical distance from the SV plane to Pog was measured to evaluate recurrence. ([Fig. 4](#F4){ref-type="fig"}) The distances were measured up to 0.1 mm using the cephalometric analysis software program (V-ceph 6.0; Osstem, Seoul, Korea) on lateral cephalograms of the same size. The seven items measured in this study are as follows:

① Nasopharyngeal airway space (Nph): The distance from PNS to the posterior pharyngeal wall when extending the palate plane that connected the ANS to the PNS.

② Oropharyngeal airway space (Oph): The distance between the anterior pharyngeal wall and posterior pharyngeal wall when drawing a line from the point P parallel to the FH plane.

③ Hypopharyngeal airway space (Hph): The distance between the anterior pharyngeal wall and posterior pharyngeal wall when drawing a line from the most anterior-inferior point of the C3 parallel to the FH plane.

④ SV-Hy: The distance from the SV plane to the most anterior point of the hyoid bone.

⑤ FH-Hy: The distance from the FH plane to the most anterior point of the hyoid bone.

⑥ Mn-Hy: The distance from the Mn plane to the most anterior point of the hyoid bone.

⑦ SV-Pog: The distance from the SV plane to the Pog.

The mean and standard deviation of the measurements were determined for each time period, and to test for significance in the amount changed during the time period, the differences were tested at the 1% and 5% significance levels using a paired t-test. In addition, the correlation between the amount of mandibular setback and the amount of change in the airway space and hyoid bone were analyzed using the Pearson\'s correlation coefficient. All the statistical analyses were done using IBM SPSS Statistics version 22.0 (IBM Co., Armonk, NY, USA).

III. Results
============

1. Changes in pharyngeal airway space
-------------------------------------

The measurement of the nasopharynx, Nph, showed a 1.4 mm decrease immediately postoperatively compared to the preoperative measurement and showed a recovery of 0.7 mm at 6 months after surgery. The changes were not statistically significant.

The measurement of the oropharynx, Oph, only showed statistical significance in terms of the airway areas. The oropharynx showed a significant decrease of 4.3 mm from 18.9 mm preoperatively to 14.6 mm immediately postoperatively (*P*\<0.01). Six months after surgery, it was 16.6 mm, which recovered to 2.0 mm, showing a stable state with a decrease of 2.3 mm (*P*\<0.01) compared to the preoperative state.

The measurement of the hypopharynx, Hph, showed an increase of 0.7 mm immediately postoperatively compared to the preoperative measurement and this state was maintained through the six-month period after surgery, but there was no statistical significance.([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"})

2. Changes in hyoid bone position
---------------------------------

The horizontal position of the hyoid bone, SV-Hy, showed posterior movement of 7.1 mm, from 33.0 mm preoperatively to 25.9 mm immediately postoperatively (*P*\<0.01), and the position was 27.2 mm 6 months after surgery, which represented a 1.3 mm recovery. It stabilized at about 5.8 mm posteriorly compared to the preoperative position.

The vertical position of the hyoid bone, FH-Hy, showed 12.9 mm of significant inferior movement, from 123.9 mm preoperatively to 136.8 mm immediately after surgery (*P*\<0.01), and it returned to 128.1 mm six months after surgery (*P*\<0.01). It ultimately stabilized at about 4.2 mm inferiorly compared to the preoperative position (*P*\<0.01).

The distance from the hyoid bone, Mn-Hy, showed a 12.0 mm increase, from 13.5 mm preoperatively to 25.5 mm immediately after surgery (*P*\<0.01), and showed a slight return, measuring 20.5 mm at six months after surgery (*P*\<0.01). It ultimately stabilized at a position about 7.0 mm away from the preoperative position (*P*\<0.01).

Eventually, the position of the hyoid bone showed movement toward the posteroinferior position immediately after surgery compared to the preoperative position and a slight return at 6 months after surgery. It ultimately was stabilized in the posteroinferior position, showing that it maintained its position more inferiorly from the mandibular inferior border. ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"})

3. Evaluation of recurrence
---------------------------

The measurements of SV-Pog were 102.7 mm preoperatively, 91.6 mm immediately postoperatively, and 92.5 mm 6 months after surgery during the follow-up period. At the final follow-up, the amount of return was about 0.9 mm compared to the measurement immediately after surgery, but there was no statistical significance. Therefore, the results of this study show that the procedure does not result in the recurrence of mandibular setback surgery.([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"})

4. Correlation between the amount of mandibular setback and the amount of change in the airway space and hyoid bone position
----------------------------------------------------------------------------------------------------------------------------

By analyzing the correlation between the amount of mandibular setback and the amount of change in the airway space and hyoid bone position with Pearson\'s correlation, the amount of mandibular setback showed a slightly higher correlation at the horizontal position of the hyoid bone and nasopharyngeal airway space, but overall, there was no statistically significant correlation between them. Therefore, the amount of mandibular setback has no correlation with the amount of change in pharyngeal airway space and the hyoid bone.([Table 3](#T3){ref-type="table"})

IV. Discussion
==============

Various measuring points and reference lines have been used in previous studies on mandibular setback and airway changes. This study used radiopaque measuring points that were easy to read from lateral cephalograms, including S, P, C3, ANS, PNS, and Pog. This study also used reference lines that could be set clearly, including the FH plane and the SV plane, which is the vertical line from the S to the FH and Mn plane, in order to minimize the measurement error that can occur with lateral cephalograms.

Many studies on mandibular setback and changes in the airway space and hyoid bone have reported inconsistent results. For airway changes, Athanasiou et al.[@B1] reported that the postoperative airway space was decreased, but that, with the elongation of the angle of the cervical vertebra afterwards, the reduced airway space was compensated for; at follow-up, the airway space recovered to equal the preoperative volume. According to several studies[@B2][@B3][@B4], there was no significant decrease in airway space after mandibular setback. In addition, Tselnik and Pogrel[@B5] reported that the airway space increased immediately after mandibular setback, and they claimed this was because of anterior displacement of the hyoid bone postoperatively and that the airway space eventually stabilized in the decreased state. Greco et al.[@B6] reported that the airway volume of the hypopharynx was significantly decreased immediately after surgery and during long-term follow-up; Enacar et al.[@B7] also reported similar results. Since the hypopharynx that they measured was in the same position as the oropharynx in this study, the present study showed the same results. In studies that compared the two-dimensional (2D) area of the pharynx, Güven and Saraçoğlu[@B8] also reported that the decreased airway space was maintained immediately after surgery and during the long-term follow-up. With respect to studies on the hyoid bone, tongue, and airway space change after mandibular setback, Park and Kim[@B9] reported a significant decrease in airway space at the oropharynx and hypopharynx immediately after surgery. However, the airway space of the hypopharynx at the follow-ups recovered to the preoperative state while the decreased airway space of the oropharynx did not. In the present study, only decreased oropharyngeal airway space was observed with a statistically significant difference and the decrease was maintained during the long-term follow-up. This is thought to be associated with the finding that the oropharyngeal area is directly affected by the mandibular setback and that posteroinferior movement of the hyoid bone is accompanied by movements of the suprahyoid and infrahyoid muscles.

The hyoid bone consists of unstable hard tissues that are wholly supported by soft tissues connecting it to the skull base, mandible, pharynx, and tongue, and it is heavily influenced by surrounding tissues. A positional assessment of the hyoid bone is used to evaluate the physiological equilibrium state of the suprahyoid muscles, infrahyoid muscles, and surrounding tissues of the hyoid bone. According to several studies[@B1][@B7][@B10][@B11], the hyoid bone returned to its original preoperative position during the follow-up period, and this was due to compensation reactions of the suprahyoid muscles, infrahyoid muscles, and pharyngeal muscles. Eggensperger et al.[@B12] reported posteroinferior movement of the hyoid bone after mandibular setback with BSSRO, but they assumed that this was due to a skeletal recurrence. Choi et al.[@B13] reported that, after mandibular setback, significant posteroinferior displacement of the hyoid bone was shown but the majority recovered vertically over time and there was minimal anterior return. In the present study, the position of the hyoid bone showed significant posteroinferior movement and slight return during long-term follow-up to a degree that was statistically significant. The distance to the mandibular inferior border was farther away postoperatively and such posteroinferior displacement of the hyoid bone is thought to be associated with the decrease in airway space in the oropharynx found after surgery.

The measurements used in the studies mentioned above were the anterior and posterior length changes from 2D lateral cephalograms, which fail to fully reproduce the actual airway space compared to three-dimensional analysis methods, including computed tomography and magnetic resonance imaging. However, Riley and Powell[@B14] demonstrated the effectiveness of 2D studies by reporting the correlation between the airway space measured from 2D lateral cephalograms and the airway space volume calculated from three-dimensional computed tomography. In addition, since the lateral cephalogram is a preoperative examination typically performed in orthognathic surgery patients, it was used in this study because it is not financially burdensome to patients, is noninvasive, and it is easy and quickly applied in preoperative analysis.

Airway space can be influenced by head position on lateral cephalogram. Several previous studies demonstrated that craniocervical angulations at different head postures affected pharyngeal diameters in normal subjects[@B15][@B16][@B17][@B18]. Muto et al.[@B19] also showed a significant correlation between head posture and PAS and reported that a change of 10° in craniocervical inclination altered PAS by about 4 mm. Therefore, for data collection when the lateral cephalogram is required, cephalometric radiographs should be taken at reproducible head positions in each patient. In a study including 30 patients, Malkoc et al.[@B20] demonstrated that airway dimension and tongue and hyoid position measurement were highly reproducible on NHP cephalograms. For that reason, in the present study, lateral cephalograms were performed using the method proposed by Solow and Tallgren[@B18]. As a result, reproducible airway dimension could be measured.

A limitation in this study was the measurement of lengths using lateral cephalograms only; in addition, polysomnography required to diagnose true actual obstructive sleep apnea was not performed. Therefore, it was difficult to confirm whether the oropharyngeal decrease occurring postoperatively changed the quality of sleep or caused actual obstructive sleep apnea. However, after Partinen et al.[@B21] defined the distance between the posterior pharyngeal wall and tongue base as the line connecting the point B and gonion as the PAS and measured the PAS, they confirmed that the length of the PAS was less than 5 mm. Additionally, they defined the distance from the Mn plane to the hyoid bone as MP-H and reported that if this distance was more than 24 mm, the respiratory failure rate would increase. Riley et al.[@B22] reported that if the PAS was less than 11 mm and MP-H was more than 15.4 mm, obstructive sleep apnea could occur. According to this study, the oropharyngeal decrease necessarily occurred after the mandibular setback surgery, and changes in the surrounding structures were identified with posteroinferior movement of the hyoid bone through long-term follow-up. Therefore, when performing mandibular setback surgery, it is essential to consider that obstructive sleep apnea can occur postoperatively through the analysis of lateral cephalograms. In particular, patients who have a tendency to snore and predisposing factors for sleep apnea such as obesity, macroglossia, a short neck, large uvulae, and hypertrophic adenoids should prompt caution; a change to the treatment plan, if necessary, should be considered.

Tselnik and Pogrel[@B5] evaluated airway volume with 2D areas by setting special measurement points and reported that there was a very strong correlation between the amount of mandibular setback and airway volume decrease during long-term follow-up after mandibular setback surgery. Hochban et al.[@B23] also reported that there was a slight correlation between the amount of mandibular setback and airway volume reduction in their study. However, Enacar et al.[@B7] reported that they did not find a correlation between the amount of mandibular setback and the hypopharyngeal airway volume change, a result that agreed with that of Chung and Lee\'s study[@B24]. Güven and Saraçoğlu[@B8] also bolstered these results by reporting that there was no correlation between the amount of mandibular setback and decreased airway volume and position change of the hyoid bone. In the present study, there was no special correlation found with Pearson\'s correlation, which was used to determine the correlation between the amount of mandibular setback and the amount of change in the airway space and hyoid bone. The reason for this could be that airway space and hyoid bone changes did not occur uniformly according to the amount of mandibular setback due to various environmental differences such as the individual structure of hard and soft tissues, the degree of elasticity of the soft tissues, and the degree of obesity.

V. Conclusion
=============

In this study, a significantly reduced oropharynx, posteroinferior movement of the hyoid bone, and changes to the surrounding structures after mandibular setback surgery were identified through long-term follow-up. The results suggest that it is possible to cause obstructive sleep apnea after mandibular setback surgery, indicating that care is needed when electing to perform mandibular setback surgery, especially for patients who have predisposing factors for sleep apnea such as obesity, macroglossia, a short neck, large uvulae, and hypertrophic adenoids. Therefore, evaluation for obstructive sleep apnea that can occur postoperatively is needed and should be considered when establishing the treatment plan.
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![Parameters and landmarks used for cephalometry. Upper horizontal line: Frankfort horizontal plane, lower oblique line: mandibular plane, vertical line: Sella vertical plane. (S: Sella, N: nasion, Ba: basion, PNS: posterior nasal spine, ANS: anterior nasal spine, A: A point, P: the most inferior point of soft palate, Go: gonion, C3: third cervical vertebra, B: B point, Me: menton, H: hyoid bone)](jkaoms-41-224-g001){#F1}

![Measurement of the pharyngeal airway space. The airway space measurement was classified into three areas: the nasopharynx (Nph), oropharynx (Oph), and hypopharynx (Hph). (S: Sella, N: nasion, PNS: posterior nasal spine, ANS: anterior nasal spine, A: A point, P: the most inferior point of soft palate, Go: gonion, C3: third cervical vertebra, B: B point, Me: menton, H: hyoid bone)](jkaoms-41-224-g002){#F2}

![Measurement of hyoid bone position. The hyoid bone position was evaluated with 3 measuring items using the horizontal position (SV-Hy), vertical position (FH-Hy), and distance to the mandibular inferior border (Mn-Hy). (S: Sella, N: nasion, Ba: basion, PNS: posterior nasal spine, ANS: anterior nasal spine, A: A point, P: the most inferior point of soft palate, Go: gonion, C3: third cervical vertebra, Me: menton, H: hyoid bone)](jkaoms-41-224-g003){#F3}

![Measurement of SV-Pog. The vertical distance from the Sella vertical (SV) plane to the pogonion (Pog) was measured to evaluate recurrence. (S: Sella, N: nasion, Ba: basion, PNS: posterior nasal spine, ANS: anterior nasal spine, A: A point, P: the most inferior point of soft palate, Go: gonion, C3: third cervical vertebra, B: B point)](jkaoms-41-224-g004){#F4}

###### Data of cephalometric variables obtained at each time

![](jkaoms-41-224-i001)

  Variable   T1           T2           T3
  ---------- ------------ ------------ ------------
  Nph        26.4±6.0     25.0±5.6     25.7±5.8
  Oph        18.9±6.4     14.6±6.1     16.6±6.5
  Hph        19.2±7.8     19.9±6.8     19.9±8.4
  SV-Hy      33.0±8.5     25.9±10.6    27.2±9.6
  FH-Hy      123.9±14.4   136.8±15.3   128.1±13.8
  Mn-Hy      13.5±7.8     25.5±11.0    20.5±8.6
  SV-Pog     102.7±9.2    91.6±9.2     92.5±9.4

(T1: preoperatively, T2: immediately postoperatively, T3: 6 months postoperatively, Nph: nasopharyngeal airway space, Oph: oropharyngeal airway space, Hph: hypopharyngeal airway space, SV-Hy: the distance from the Sella vertical (SV) plane to the most anterior point of the hyoid bone, FH-Hy: the distance from the Frankfort horizontal plane to the most anterior point of the hyoid bone, Mn-Hy: the distance from the mandibular plane to the most anterior point of the hyoid bone, SV-Pog: the distance from the SV plane to the pogonion)

###### Changes of cephalometric variables between T1 and T2, T2 and T3, and T1 and T3

![](jkaoms-41-224-i002)

  Variable   T1-T2        T2-T3           T1-T3                                    
  ---------- ------------ --------------- ------------ --------------- ----------- ---------------
  Nph        1.4±4.1      0.070           -0.7±3.8     0.329           0.7±3.5     0.266
  Oph        4.3±3.4      \<0.001^\*\*^   -2.0±2.8     0.001^\*\*^     2.3±2.7     \<0.001^\*\*^
  Hph        -0.7±4.7     0.405           0.00 ±4.2    0.961           -0.8±4.3    0.344
  SV-Hy      7.1±6.9      \<0.001^\*\*^   -1.29±5.95   0.243           5.83±5.55   \<0.001^\*\*^
  FH-Hy      -13.0±8.9    \<0.001^\*\*^   8.8±7.6      \<0.001^\*\*^   -4.2±3.8    \<0.001^\*\*^
  Mn-Hy      -12.1±10.3   \<0.001^\*\*^   5.0±7.9      0.002^\*\*^     -7.1±5.9    \<0.001^\*\*^
  SV-Pog     11.1±5.6     \<0.001^\*\*^   -0.9±2.8     0.083           10.1±4.8    \<0.001^\*\*^

(T1: preoperatively, T2: immediately postoperatively, T3: 6 months postoperatively, SD: standard deviation, Nph: nasopharyngeal airway space, Oph: oropharyngeal airway space, Hph: hypopharyngeal airway space, SV-Hy: the distance from the Sella vertical (SV) plane to the most anterior point of the hyoid bone, FH-Hy: the distance from the Frankfort horizontal plane to the most anterior point of the hyoid bone, Mn-Hy: the distance from the mandibular plane to the most anterior point of the hyoid bone, SV-Pog: the distance from the SV plane to the pogonion)

^\*\*^Significant at the level of *P*\<0.01.

###### Pearson\'s correlation between mandibular setback and changes of airway space, hyoid bone position

![](jkaoms-41-224-i003)

            T1-T3                                   
  --------- ------- ------- ------- ------- ------- -------
  Setback   0.285   0.115   0.022   0.311   0.128   0.171

(T1: preoperatively, T2: immediately postoperatively, T3: 6 months postoperatively, Nph: nasopharyngeal airway space, Oph: oropharyngeal airway space, Hph: hypopharyngeal airway space, SV-Hy: the distance from the Sella vertical plane to the most anterior point of the hyoid bone, FH-Hy: the distance from the Frankfort horizontal plane to the most anterior point of the hyoid bone, Mn-Hy: the distance from the mandibular plane to the most anterior point of the hyoid bone)
